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Effects of Exercise Intervention in Subjects with 
Metabolic Dysfunction-Associated Steatotic Liver 
Disease
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Metabolic dysfunction-associated steatotic liver disease (MASLD) is a prevalent liver disorder globally, including 
in Asia-Pacific countries. In addition to contributing to severe liver disorders, MASLD increases the risk of various 
complications. Currently, resmetirom is the only U.S. Food and Drug Administration-approved treatment for 
MASLD-related fibrosis in the United States. Therefore, lifestyle modifications, particularly regular exercise, re-
main a crucial approach in managing MASLD. Exercise is generally classified into two types: aerobic and resis-
tance. The two forms offer benefits for individuals with MASLD, despite the difference between their effects and 
underlying mechanisms. Aerobic exercise is accessible, low cost, and promotes high energy expenditure, im-
proving several MASLD-related clinical parameters. However, associated fatigue and discomfort can reduce 
long-term adherence. Resistance exercise, referring to muscle contractions performed to counteract external re-
sistance, enhances muscle strength, muscle mass, and bone mineral density while also helping to correct meta-
bolic derangement. It is especially suitable for subjects with MASLD who cannot conduct aerobic exercise or 
have poor cardiorespiratory function. Mechanistically, aerobic exercise enhances insulin sensitivity, while resis-
tance exercise improves metabolic flexibility through adenosine monophosphate-activated protein kinase acti-
vation, muscle fiber adaptation, and muscle-liver cross-talk. In terms of aerobic training, traditional moderate-
intensity continuous training (MICT) and high-intensity interval training (HIIT) have shown comparable benefits. 
This review is designed to offer refreshed perspectives on the advantages of exercise, compare the effects and 
mechanisms of aerobic and resistance exercise, and evaluate the advantages and disadvantages of MICT and 
HIIT, with emphasis on their impact on hepatic steatosis in subjects with MASLD.
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INTRODUCTION

Fatty liver disease, also known as steatotic liver disease, is a com-
mon liver disease globally.1-3 The presence of fatty liver is an essen-
tial criterion for metabolic dysfunction-associated fatty liver disease 
or metabolic dysfunction-associated steatotic liver disease (MASLD), 
both of which align with the traditional term non-alcoholic fatty 
liver disease.2,3 To diagnose MASLD, apart from hepatic steatosis, 

at least one of five cardiometabolic risk factors—body mass index 
(BMI), waist circumference, glycemic profile, blood pressure, hy-
pertriglyceridemia, or low serum high-density lipoprotein choles-
terol—must be present.3 Liver steatosis can be confirmed through 
biopsy or imaging, ensuring that excessive alcohol consumption is 
ruled out as a causative factor.

In this review, MASLD is recognized as a risk factor for both he-
patic and extra-hepatic complications, including diabetes mellitus 
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and obesity.3 Currently, resmetirom is the only approved treatment 
for MASLD-related significant liver fibrosis in the United States.4 
Therefore, lifestyle modifications, particularly exercise, remain a 
key strategy for managing MASLD.5,6

Exercise has demonstrated benefits for subjects with various health 
conditions, including MASLD,5-19 by enhancing energy consump-
tion and muscle strength.5,6 Exercise can be generally categorized 
into aerobic and resistance types, both of which improve metabolic 
disorders in MASLD patients,6,9,12 despite the difference in their 
clinical effects and underlying mechanisms. Aerobic exercise pri-
marily enhances insulin sensitivity, while resistance exercise improves 
metabolic flexibility through adenosine monophosphate-activated 
protein kinase (AMPK) activation, muscle fiber adaptation, and 
muscle-liver cross-talk.11 Reviews regarding benefits of exercise for 
subjects with MASLD have been published.5,6,11-19 The impacts of 
frequency, intensity, and duration of exercise protocols have been 
explored previously.12 This review aims to update and compare the 
outcomes of various aerobic and resistance exercise programs in 
MASLD patients, focusing on the effects of liver fat reduction. Ad-
ditionally, the potential mechanisms accounting for the improve-

ment of hepatic steatosis in each exercise type will be discussed. Fur-
thermore, within aerobic exercise, the review will introduce the fea-
tures and benefits of moderate-intensity continuous training (MICT) 
and high-intensity interval training (HIIT).

IMPORTANCE OF LIFESTYLE 
INTERVENTIONS

MASLD is the liver manifestation of metabolic syndrome, and 
lifestyle interventions such as weight loss, energy restriction, and 
exercise are fundamental to its treatment (Fig. 1). Currently, there 
are no approved pharmacological interventions in most parts of the 
world. Therefore, lifestyle modifications remain crucial for liver fat 
reduction and prevention of liver disease progression.20,21 Addition-
ally, these interventions provide benefits beyond the liver, helping 
to manage extra-hepatic complications like obesity and diabetes 
mellitus.22,23

Weight loss
Weight loss can be achieved through various strategies and even 

Figure 1. Features and recommendations of lifestyle changes in subjects with metabolic dysfunction-associated steatotic liver disease (MASLD).25-27 
HIIT, high-intensity interval training; MICT, moderate-intensity continuous training.

Improvement of 
MASLD

Diet Exercise Body weight 
reduction

•	�Daily calorie restriction 500–1,000 
kcal recommended

•	�Diet composition and intrahepatic 
fat reduction:

   -	� Mediterranean diet (evidence-based)
   -	� Ketogenic diet (less evidence and 

potential serum cholesterol elevation)
   -	� Low-carbohydrate diet (less evidence)
   -	� High-protein diet (low evidence)
   -	� Intermittent fasting (low evidence)

•	�HIIT 75–150 minutes per week or 
MICT 150–300 minutes per week:

   -	� Improve lactate clearance and 
aerobic capacity

   -	� HIIT outweighs MICT in enhancing 
metabolic parameters

•	�Adherence is the key

•	�≥5% reduces hepatic steatosis
•	�≥7% regresses steatohepatitis
•	�≥10% reverses liver fibrosis 
•	�Lean MASLD subjects: 3%–5% 
recommended

   -	� Improve insulin sensitivity
   -	� Lower the risk of severe liver diseases 

development
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pharmaceutical intervention. It has been shown to reduce liver fat; 
improve glucose control and insulin sensitivity; and lower the risk 
of type 2 diabetes mellitus, cardiovascular diseases (CVDs), and 
severe liver diseases.24-27 According to the American Gastroentero-
logical Association guidelines, a body weight reduction of at least 
5% can reduce hepatic steatosis, 7% or more can regress steatohep-
atitis, and a 10% or greater reduction can reverse liver fibrosis.25 For 
lean MASLD subjects (not overweight or obese), a weight reduc-
tion of 3% to 5% is recommended.24,25

Diet
Dietary strategies for managing MASLD include restriction of 

calorie intake, selection of appropriate diet patterns, and optimiza-
tion of meal timing and interval. Calorie restriction is essential in 
MASLD improvement, with a recommended daily reduction of 
500 to 1,000 kcal. Ideally, total daily calorie intake should be limit-
ed to around 1,200 kcal for female subjects and 1,400 to 1,500 kcal 
for male subjects. Diet control supports weight loss, improves in-
sulin resistance, and reduces liver fat.25,26 Notably, the effect of in-
trahepatic fat reduction can persist even if some weight is re-
gained.27

Other than energy restriction, diet composition plays a crucial 
role in health outcomes and the level of intrahepatic fat. Low-car-
bohydrate diets and the Mediterranean diet (MD) are particularly 
beneficial.26,28 The MD consists of nutrient-rich foods such as fruits, 
vegetables, olive oil, nuts, seeds, legumes, minimally processed whole 
grains, and omega-3 fatty acid-rich fish.28 Considering the nature of 
fat, dairy products, red meat, and processed meats should be limit-
ed. Both the American College of Cardiology and the American 
Heart Association recommend the MD for subjects at risk of CVD, 
as well as those with MASLD. Additionally, previous studies indi-
cated that the MD is associated with a lower risk of hepatocellular 
carcinoma in MASLD patients.29

Along with MD, the ketogenic diet (KD) has also been recom-
mended for improving MASLD.26 The KD is characterized by low 
proportions of proteins and carbohydrates, with a relatively high-
fat content. Reducing carbohydrate intake plays a key role in 
MASLD improvement. Through modification of mitochondrial 
function and hepatic oxidation status, ketone body production is 
enhanced. While intrahepatic triglyceride synthesis remains unaf-

fected, visceral fat is reduced with KD consumption.30 Although 
KD offers potential benefits for MASLD patients, animal and clini-
cal studies have highlighted certain risks associated with its use. 
Therefore, the safety of KD application in subjects with MASLD is 
uncertain.31

Recently, alternative dietary approaches, such as high-protein di-
ets and intermittent fasting, have been introduced for subjects with 
CVD and MASLD.26 High-protein diets have been shown to mark-
edly decrease serum inflammatory biomarkers,32 while sugar-re-
stricted diets have demonstrated a reduction in intrahepatic fat in 
adolescents with MASLD.33 However, clinical trials on these emerg-
ing dietary interventions are limited, and their effectiveness and safe-
ty have yet to be fully established. Further research is needed to con-
firm their long-term benefits for MASLD management.

Exercise
Exercise is a useful way for correcting metabolic derangements 

by improving glucose and lipid metabolism.34-36 It enhances periph-
eral insulin sensitivity, reduces liver lipogenesis, facilitates adipose 
tissue lipolysis, and ultimately reduces liver fat, resulting in improve-
ment of MASLD. Exercise can be classified into aerobic and resis-
tance types,35,36 which will be discussed in detail in the following 
sections.

The benefit of a low-calorie diet through body weight reduction 
can be amplified when combined with exercise. For instance, pair-
ing exercise with the MD can decrease body weight, visceral adipose 
tissue, and liver fat more effectively than the MD without it.34-36

Other behavioral modifications
In addition to weight loss, diet control, and exercise, lifestyle in-

terventions for subjects with MASLD should include avoidance of 
harmful habits such as drinking and cigarette smoking, as these be-
haviors potentially accelerate liver disease progression.37 Studies 
have demonstrated that even light-to-moderate consumption of al-
cohol is associated with accumulation of liver fat and the advance-
ment of hepatic fibrosis. Synergistically, in the presence of obesity, 
the risk of various liver diseases is heightened.38 Therefore, counsel-
ing and educational programs are recommended to help MASLD 
patients reduce these risky behaviors and lower their risk of progress-
ing to liver fibrosis.39
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CLINICAL EVIDENCE OF EXERCISE 
INTERVENTION

Both aerobic and resistance exercises improve liver disease out-
comes and extra-hepatic comorbidities in individuals with MASLD 
(Table 1). However, the clinical characteristics and underlying mech-
anisms of improvement differ between the two exercise types.

Aerobic exercises like jogging and swimming offer several advan-
tages, including convenience, low cost, and easy accessibility.34-36 
They typically result in high energy consumption, favorable reduc-
tion of body weight, and improvement of metabolic variables asso-
ciated with MASLD.35,36 However, several disadvantages exist, in-
cluding fatigue and physical discomfort, which can diminish long-
term compliance in some subjects. Furthermore, moderate to in-
tense aerobic activities require a certain level of cardiorespiratory 
and mobility fitness. For subjects with underlying cardiorespiratory 
issues or mobility disability, aerobic exercise with high intensity can 
be harmful.35,36

Resistance exercise involves muscle contractions against external 
resistance, which can enhance muscle strength, muscle mass, and 
bone mineral density. Similar to aerobic exercise, it also improves 
insulin resistance and metabolic parameters. However, resistance 
exercise typically requires less body energy and is feasible for certain 
MASLD subjects with impaired cardiorespiratory function or those 
who are overweight or obese and unable to tolerate intense aerobic 
activity.35,36 A potential drawback of resistance training is the re-
quirement for space and specific equipment, and it is less accessible 
and often more costly than aerobic exercise.

The benefits of aerobic and resistance exercise for subjects with 
MASLD have been reviewed comprehensively.40-44 Various exer-
cise protocols of the two exercise patterns in the improvement of 
MASLD have been summarized in detail in a recent review arti-
cle.12 Given the high prevalence of cardiovascular issues and physi-
cal incapacity, especially in older populations with MASLD,45,46 it 
is essential to assess the risks of exercise. Exercise programs should 
be individualized based on underlying cardiorespiratory fitness as 
well as the presence of comorbidities to ensure safety and effective-
ness.

Aerobic exercise improves hepatic steatosis in MASLD
Aerobic exercise is cost-effective and easily accessible. Hashida et 

al.12 analyzed 24 aerobic exercise protocols from 18 studies (medi-
an age, 48 years; median BMI, 30.9 kg/m²). Most protocols involved 
exercising three times per week for 40 minutes per session over a 
12-week period, and most adopted conventional MICT methods 
such as cycling. Overall, a decrease in intrahepatic fat was document-
ed in 22 (91.7%) of the protocols. Nonetheless, aerobic exercise 
can cause fatigue and discomfort, potentially leading to lower ad-
herence over time.

Resistance exercise improves hepatic steatosis in MASLD
Subjects with MASLD obtained similar benefits from resistance 

exercise in terms of body weight reduction and lower serum alanine 
aminotransferase levels in the review by Hashida et al.12 Among 
seven studies, liver fat reduction was observed in 85.7% of the pro-
tocols (median age, 49 years; median BMI, 30.6 kg/m²).44,47-53 Mag-

Table 1. Comparison of aerobic vs. resistance exercise in subjects with metabolic dysfunction-associated steatotic liver disease12

Aerobic exercise Resistance exercise

Metabolic parameters Improved Improved
Features High energy consumption and reduction of 

body weight 
Lower intensity and energy consumption than aerobic exercise

Reduction of intrahepatic fat Yes Yes, but might be independent of body weight loss.
Mechanisms of improvement Improve insulin sensitivity Improve metabolic flexibility through AMPK activation, muscle 

fiber adaptation, and muscle-liver cross-talk. Improve lipid  
metabolism in the liver.

Advantages Convenient, low cost, and widely available Feasible for subjects with cardiorespiratory disorders or who 
cannot tolerate intensive exercise

Disadvantages Fatigue sensation and physiological discomfort 
lead to decreased adherence

High cost and individualized equipment might be required.

AMPK, adenosine monophosphate-activated protein kinase.
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netic resonance spectroscopy (MRS) was adopted for assessment 
of intrahepatic fat in three studies, disclosing intrahepatic fat reduc-
tions of 13%, 3%, and 25% from baseline, respectively.47-49 All pro-
tocols incorporated exercising three times per week for 45 minutes 
per session, with a median metabolic equivalent of 3.5, with the 
majority involving a 12-week period.

Based on these findings, 12-week resistance exercise can help 
improve hepatic steatosis. Performing three sets of 8–12 repetitions 
focusing on major muscle groups three times per week is generally 
recommended. 

Notably, resistance exercise reduced hepatic steatosis without 
substantial weight loss and was less energy-intensive than aerobic 
exercise.47,51,54 These features can support the creation of individu-
alized exercise programs based on personal physical condition in-
cluding underlying cardiopulmonary function.

Comparison of aerobic exercise versus resistance exercise 
in the improvement of hepatic steatosis

To further compare the efficacy of aerobic exercise versus resis-
tance exercise in the improvement of hepatic steatosis in subjects 
with MASLD, we searched the PubMed database for randomized 
trials investigating the improvement of hepatic steatosis with aero-
bic exercise versus resistance exercise from the year 2000. The fol-
lowing search terms were used: fatty liver, aerobic, resistance, and 
randomized controlled trials (RCTs). Finally, we identified seven 
trials, and the details are shown in Table 2.

MECHANISMS OF IMPROVEMENT

Definition and maintenance of metabolic flexibility
Metabolic flexibility refers to the body’s inherent ability to use 

any available substrate as an energy source and is regulated by insu-
lin and glucagon depending on its current needs.11 In a resting state, 
the body transitions between glucose and lipids as main sources of 
energy. Postprandially, insulin stimulates the conversion of glucose 
into glycogen in the liver and aids in glucose absorption by the skel-
etal muscle. In periods of fasting, glucagon induces glucose synthe-
sis and glycogenolysis in the liver and fat breakdown in adipose tis-
sue, providing energy by releasing free fatty acids.

Regulated by the coordinated actions of insulin and glucagon, 

this process enables the body to adapt its energy use according to 
eating or fasting conditions, helping maintain metabolic flexibility. 
Any disruption to this process, as seen in conditions such as MASLD, 
can disable the body’s utilization and conversion between glucose 
and lipids.11,12,15 The impairment might induce lipid build-up in non-
adipose tissues such as the liver, facilitating development of hepatic 
steatosis or leading to progression of MASLD.

Therefore, strategies to prevent or manage MASLD should pri-
oritize preserving or restoring metabolic flexibility. Additional fac-
tors affecting metabolic flexibility include myokines, gut-liver axis, 
gut microbiome, mitochondria, peroxisome proliferator-activated 
receptor gamma coactivator-1 (PGC-1) alpha, and peroxisome 
proliferator-activated receptor (PPAR) alpha.11

Mechanisms of improvement through exercise
Briefly, aerobic exercise promotes insulin sensitivity and supports 

metabolic flexibility. Resistance exercise can improve metabolic flex-
ibility through activation of AMPK, muscle fiber adaptation, and 
muscle-liver cross-talk.11,16

Aerobic exercise
Aerobic exercise enhances insulin sensitivity. In adipose tissue, 

it facilitates lipolysis and beta-oxidation and increases acetyl-coen-
zyme A production, which increases adenosine triphosphate cre-
ation in the mitochondria.55 Additionally, aerobic exercise upregu-
lates uncoupling protein-1 and PPAR-gamma,56 further enhanc-
ing lipolysis in adipose tissues.57 Also, it has been found to reduce 
resistin levels and increase adiponectin levels in serum, which po-
tentially benefits subjects with MASLD or metabolic dysfunc-
tion.58-60

Resistance exercise
Compared to aerobic exercise, the mechanisms accounting for 

the clinical benefits of resistance exercise are not fully clarified. Sev-
eral studies have suggested that these benefits stem from muscle fi-
ber type-specific adaptations. There are two types of muscle fibers: 
type I, which relies on slow oxidative metabolism, and type II, which 
depends on fast glycolytic metabolism. Resistance exercise primarily 
increases muscular strength and mass, particularly in stimulating 
hypertrophy in type II fibers rather than type I fibers. In addition, 
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resistance training enhances the expression of the glucose transport-
er 4 (GLUT4) in type II fibers, contributing to a notable improve-
ment in insulin sensitivity.61-64 Overall, resistance exercise upregu-
lates type II muscle fiber glycolysis, induces muscle changes, and 
ameliorates peripheral insulin resistance. Also, AMPK molecular 
signaling pathway can be activated during muscle contractions, 
which promotes the uptake of glucose by facilitating translocation 
of GLUT4 to the muscle cell surface. These mechanisms likely im-
prove impaired metabolic flexibility and account for the clinical 
benefits of resistance exercise, including the decrease of intrahepat-
ic fat in subjects with MASLD.

Hence, resistance exercise can help improve MASLD in part by 
facilitating communication between muscle and liver.65,66 One ex-
ample of this mechanism is irisin, a myokine released by skeletal 
muscles. Irisin not only promotes thermogenesis and energy ex-
penditure in subcutaneous adipocytes but also helps regulate lipid 
metabolism in the liver.65 Recombinant irisin has been shown to in-
hibit the expression of liver lipogenesis regulators.67 In obese mice, 
overexpression of irisin reduced liver fat content. Interestingly, the 
irisin serum levels were lower in MASLD subjects than healthy 
subjects.68 Kim et al.69 discovered that resistance exercise notably 
elevated irisin serum levels, a feature not observed in subjects per-
forming aerobic exercise. These results indicate that resistance ex-
ercise impacts lipid metabolism and aids in reducing liver fat via the 
effect of irisin.69

Overall, these mechanisms indicate that resistance exercise can 
help prevent or reduce liver fat accumulation in individuals with 
MASLD.

INTERESTING ISSUES REGARDING 
EXERCISE

HIIT vs. MICT aerobic exercise
There are two types of aerobic training protocols: MICT and 

HIIT (Table 3). MICT typically involves a steady intensity with a 
maximal oxygen uptake of 45% to 75%. In contrast, HIIT involves 
repeated cycles of high-intensity exercise or spring-type exercise in-
terspersed with periods of recovery, achieving a higher maximal ox-
ygen uptake of 80% to 90% over a shorter duration. HIIT has gained 
popularity as a time-saving exercise option.70-73 Due to the distinct 
characteristics of these exercise methods, it is uncertain which is 
more beneficial for improvement of aerobic capacity and other met-
abolic parameters.

In brief, both HIIT and MICT improve lactate clearance, in-
crease aerobic capacity, correct metabolic derangement, and miti-
gate MASLD progression. Previous research disclosed that HIIT 
outperforms MICT in enhancing metabolic parameters, reducing 
visceral fat, and improving insulin sensitivity.74-76

Both HIIT and MICT increase clearance capacity of 
lactate

Lactate accumulation in the body influences aerobic exercise 
performance. Physiologically, glycolysis, which is responsible for 
the supply of body energy, involves break down of glucose to pro-
duce lactic acid and sequential conversion to lactate and protons.77 
Lactate clearance helps maintain acid-base balance and energy me-
tabolism.78 Normally, only a small amount of lactate exists in the 
body at rest, but the level increases significantly in a short time dur-

Table 3. Comparison of HIIT vs. MICT in subjects with MASLD74-76

HIIT MICT Remark

Metabolic parameters Improved Improved HIIT was superior to MICT.
Reduction of intrahepatic fat Yes Yes HIIT similar or superior to MICT
Mechanisms of improvement Reduce anaerobic glycolysis 

Enhance lactate clearance 
Increase in muscle cell mitochondria and  

capillary density in muscle tissue

Similar to HIIT

Features Shorter time required 
Rapid improvement of cardiopulmonary fitness
Higher post-exercise oxygen consumption
Improved adherence in diseased cohorts

Traditional and well established
Improve quality of life

HIIT, high-intensity interval training; MICT, moderate-intensity continuous training; MASLD, metabolic dysfunction-associated steatotic liver disease.
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ing intense exercise or in cases of circulatory diseases due to the in-
sufficient oxygen supply.79-81 When lactate accumulates in the body, 
blood and cellular pH decrease, impairing glycolysis and reducing 
exercise performance. 

A recent study compared the effects of HIIT and MICT on lac-
tate clearance, finding that both improved lactate clearance, but 
HIIT showed superior results.82

Both HIIT and MICT improve aerobic capacity through reduc-
tion of anaerobic glycolysis. Briefly, HIIT and MICT benefit aero-
bic capacity by enhancing lactate clearance,72 with resultant reduc-
tion in the proportion of anaerobic glycolysis. These benefits are 
linked to changes in muscle cell mitochondria and capillary density 
in muscle tissue.83-85 In short, exercise increases the number of mi-
tochondria and decreases glycolysis,86 while also enhancing capil-
lary density. These adaptations stimulate oxygen delivery to mus-
cles and lower lactate production by decreasing anaerobic glycoly-
sis. A recent systemic review revealed that the magnitude of change 
in the density of mitochondria, muscle capillarization, and maximal 
oxygen consumption (VO2max) after exercise is mainly dependent 
on the level of baseline fitness, with individuals of lower fitness at 
baseline obtaining the greatest improvement.87 Interestingly, the 
training load determined by both volume and intensity is a useful 
predictor of the changes in mitochondria number and VO2max. No-
tably, the relative effects of HIIT versus MICT on mitochondrial 
number and capillary density remain unclear.87-90

Both HIIT and MICT improve cardiometabolic health
The effectiveness of HIIT and MICT in correcting metabolic 

derangement and improving clinical outcomes for individuals with 
metabolic syndrome was reviewed in a recent meta-analysis.91 Among 
five databases, 23 RCTs were collected, involving 1,374 participants 
(mean age, 46.2 to 67.0 years; 55% male). HIIT obtained signifi-
cantly better improvements in all metabolic parameters compared 
to controls, with effects similar to those of MICT. Interestingly, low-
volume HIIT protocols ( < 15 minutes of high-intensity exercise) 
provided noninferior effects to higher-volume sessions in improving 
metabolic parameters. This review highlights the efficacy of HIIT 
as an alternative to traditional MICT for managing and improving 
cardiovascular and metabolic health in subjects with metabolic syn-
drome, even with low-volume protocols.

HIIT vs. MICT in the improvement of MASLD
The comparative effects of HIIT versus MICT on reducing in-

trahepatic fat in subjects with MASLD, the liver manifestation of 
metabolic syndrome, remain unclear. In animal models, although 
HIIT has been adopted to manage obesity and related comorbidi-
ties, its role in preventing or treating MASLD is not well established. 
A recent study investigated the effect of HIIT on preventing MASLD 
in C57BL/6J mice fed a high-fat diet. The study showed that HIIT 
helped maintain insulin sensitivity, prevent endoplasmic reticulum 
stress, and enhance beta-oxidation.92 These findings suggest that 
lifestyle modifications, including HIIT, can help treat obesity and 
prevent MASLD.

Another recent clinical trial explored the effects of combining 
HIIT with dietary restriction in a small, well-defined cohort.93 The 
10-month intervention examined the impact of the combination 
on liver and peripheral insulin sensitivity, liver histology (including 
steatosis, steatohepatitis, and fibrosis), anthropometrics, and plas-
ma biochemical profiles in 16 participants. Compared to the stan-
dard of care (control group, n = 8), the combination of HIIT and 
energy restriction improved liver health, potentially by redistribut-
ing excess nutrients to skeletal muscle and reducing nutrient toxici-
ty in the liver for subjects with advanced steatohepatitis related to 
metabolic dysfunction. Unfortunately, the impact of MICT versus 
HIIT on the improvement of MASLD or metabolic dysfunction-
associated steatohepatitis were not investigated and compared in 
the study.

Our recent clinical trial provided comparative data on the effects 
of HIIT versus MICT on hepatic steatosis (submitted). Participants 
were divided into control (n = 20) and exercise (n = 80) groups, 
with the exercise group further randomized into MICT and HIIT 
subgroups. After 24 weeks of intervention, subjects received liver 
fat re-evaluation using magnetic resonance imaging-proton density 
fat fraction (PDFF), with the primary outcome defined as a > 10% 
decrease in PDFF. The results of the exercise group showed signifi-
cant reductions in body weight (74.4 ± 14.0 kg vs. 73.3 ± 14.7 kg, 
P= 0.004), controlled attenuation parameter, PDFF, and MRS (290±  
39 dB/m vs. 250 ± 40 dB/m, 7.03 ± 5.88 vs. 5.48 ± 5.12, 9.43 ± 5.90 
vs. 7.61 ± 5.25, all P< 0.001), while the control group did not. No-
tably, there was no difference in body weight or hepatic steatosis re-
duction between the subjects performing MICT or HIIT. Our find-
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ings consistently demonstrated exercise as an effective intervention 
for patients with MASLD. In particular, we first documented the 
lack of significant difference in treatment effects between MICT 
and HIIT exercise patterns.

In summary, MICT remains a valuable option for improvement 
of metabolic parameters in patients with metabolic syndrome and 
MASLD. Future research should focus on the integration of either 
MICT or HIIT into personalized fitness plans and exploring their 
benefits across various populations to refine and optimize exercise 
recommendations.

Maintenance and prediction of adherence
Adherence to lifestyle changes, including exercise, is crucial for 

patients with MASLD, as many struggle to maintain new exercise 
routines or dietary adjustments.94 Improvements in weight loss and 
metabolic health are often difficult to sustain. Therefore, promoting 
and ensuring adherence is critical for patients with MASLD. In our 
recent exercise intervention trial, our data showed adherence to play 
a crucial role in intrahepatic fat reduction (submitted data). Specifi-
cally, completion of more than 75% of the entire exercise program 
was associated with a better treatment outcome in the reduction of 
liver fat. Supervised training is an effective strategy to enhance ad-
herence regardless of exercise type.95

Clinically, a reliable scoring or scale system is needed to assess 
adherence to exercise or diet interventions in subjects with MASLD. 
To address this issue, Zeng et al.96 developed the Exercise and Diet 
Adherence Scale (EDAS) by identifying factors that affect exercise 
performance and diet adherence. The scale includes 33 items across 
six dimensions, which help categorize MASLD patients based on 
their level of adherence. A strong correlation between the scores 
and key lifestyle indicators was identified, enabling the classifica-
tion of subjects by adherence level. In the future, this scale can be 
used to group patients according to EDAS scores, helping to devel-
op individualized treatments aimed at improving adherence to vari-
ous lifestyle interventions.96

CONCLUSION

Exercise is an effective way to maintain body health and physical 
fitness and prevent or even treat metabolism-related systemic dis-

eases including MASLD. Any pattern of exercise can be helpful, ei-
ther aerobic or resistance, HIIT or moderate intensity continuous 
training. Most importantly, adherence is the key toward successful 
outcomes and individualized strategies integrating other lifestyle 
modification and even novel pharmaceutical intervention are an-
ticipated in the near future.
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